. Invariably, these studies were done with complex media in batch culture, with different iron chelators and with no control of growth rate. Such conditions make comparison between these studies difficult (5, 16). Therefore, we have investigated the effect of a limited iron supply on the regulation of Hib OMPs and LPS in continuous culture. The use of a chemostat allows the growth rate of the organism to be fixed while the environment can be altered, or conversely the growth rate can be varied with no change in the environment other than the concentration of growth-limiting substrate (11). A comparison with iron-replete (cystine-limited) cells was performed.
Haemophilus influenzae type b (Hib) in virulence and their potential as vaccine candidates. There is a paucity of knowledge concerning the effects of environment and growth rate on the expression of these cell surface components. In vivo, only a small amount of iron is available for bacterial growth because of sequestration by host iron-binding proteins such as lactoferrin and transferrin (19) . Comparison of Hib cells harvested directly from the intraperitoneal cavity of infected rats and cells grown under iron-restriction in vitro has led to the suggestion that Hib may produce iron-regulated OMPs (17) , including transferrin-binding proteins (TBPs) (4), in vivo. OMPs of Hib with various apparent molecular masses have been reported to be expressed during conditions of iron restriction (3, 9, 10, 13, 20) . Invariably, these studies were done with complex media in batch culture, with different iron chelators and with no control of growth rate. Such conditions make comparison between these studies difficult (5, 16) . Therefore, we have investigated the effect of a limited iron supply on the regulation of Hib OMPs and LPS in continuous culture. The use of a chemostat allows the growth rate of the organism to be fixed while the environment can be altered, or conversely the growth rate can be varied with no change in the environment other than the concentration of growth-limiting substrate (11) . A comparison with iron-replete (cystine-limited) cells was performed.
Hib 760705 (RM7004) (18) was grown under cystine limitation in continuous culture in a modification of the defined medium of Catlin (2) at pH 7.4 with constant aeration at 370C as previously described (7) . Iron limitation was obtained by raising the cystine concentration from 1 to 80 ,ug/ml and adding a 15 jiM concentration of the iron chelator ethylenediaminedi-(o-hydroxy)-phenylacetic acid free from contaminating iron (12 (15) limitation at 0.095 h-1 are shown in Fig. 1 (14) . It is possible that the 86-kDa OMP found under iron limitation is the same as TBP2, although this possibility was not pursued further.
For LPS analysis, bacteria were resuspended to anA 6. of 0.8 in 10 ml of phosphate-buffered saline (pH 7.4), and LPS was obtained by the proteinase K digestion method (6) . LPS was resolved by SDS-polyacrylamide gel electrophoresis (PAGE) and silver stained (21) or electroblotted (7) . The relative reactivity of electroblotted LPS to monoclonal antibodies (MAbs) was assessed visually as 3+ (presence of strongly reactive bands or diffuse regions), 1+ (presence of weakly reactive bands or diffuse regions), or -(no reactivity). Mouse MAbs directed against Hib LPS were kindly provided by E. J. Hansen (Department of Microbiology, University of Texas, Dallas). The effect of the dilution rate on the LPS composition of RM7004, as judged by silver staining of proteinase K whole-cell digests, is shown in Fig.  2 . In a previous study with cystine-limited RM7004, the same LPS profile was obtained at dilution rates of 0.065 and 0.095 h-1, although a shift to an LPS structure with a greater electrophoretic mobility was observed at >0.15 h-1 (7) .
With iron limitation, the predominant band at 0.065 h-1 had a greater electrophoretic mobility than the predominant band at 0.095 h-1. At the latter dilution rate, profiles similar to those obtained with cystine limitation at 0.065 and 0.095 h-1 were found. At 0.065 h-1 with iron limitation, a slight reduction in staining intensity in comparison with the intensities at the same dilution rate (cystine limitation) and higher dilution rates (both nutrient limitations) was found, suggesting that less LPS was produced per cell under this growth condition. There were clear differences in MAb reactivity between the two nutrient limitations at comparable dilution rates (Table 1) . In contrast to cystine-limited cells, no 
